Abstract-When an intense laser illuminates a target, temporarily a strong electric field is formed, and the target ions are accelerated. The control of the ion energy spectrum and the ion particle energy, the ion beam collimation and the ion beam bunching are successfully realized by a multi-stage laser-target interaction.
The present paper shows a concept of a future laser ion accelerator, which should have an ion source, ion collimators, ion beam bunchers and ion post acceleration devices [1] . Based on the laser ion accelerator components, a future compact laser ion accelerator could be designed and realized for ion-beambased cancer therapy.
In the additional acceleration, a higher ion particle energy and an energy spectrum control are realized in a laser plasma interaction; a few hundreds of MeV of the proton beam energy is successfully achieved by the successive ion postaccelerations in the laser-target interaction. In addition, a mono-energetic proton beam would be also produced.
For example, ion beam cancer therapy needs 250MeV or more for the proton energy. In recent researches ions are accelerated in an interaction of an intense laser pulse with a solid target [2] or a near-critical density plasma [1] . However, the ion particle energy tends to be still relatively low as shown above, and the ion beam controllability should be studied further. Fig. 1 shows an example concept proposed for a future laser ion accelerator. In an intense laser interaction with a target, first ions are generated at an ion source device. The protons are accelerated by the strong electric field produced at the target by the laser-target interaction. The high-energy electrons move around the target and the target ions stay at rest during the short period of ∼fs (= 10 −15 s). Between the ions and the highenergy electrons, the strong electric field accelerates protons gradually. In the ion source element the ion beam tends to have a broad energy spectrum and a transverse divergence. For ion cancer therapy as an example application, the ion energy spectrum should be mono-energetic and the ion energy should be about 200-250MeV or more to deposit the ion energy in cancer cells inside human body.
The proton beam is generated at the ion source. Additional post-acceleration elements would be required to enhance the proton energy to achieve 200-250MeV or more of the proton energy and also to control the ion energy spectrum as shown in Figs. 2. Figures 2b) and c) show a typical multi-stage ion acceleration obtained by particle computer simulations. In addition, ion collimators are also needed to suppress the ion beam divergence. In order to compress the ion beam in the longitudinal direction, beam bunchers would be required. All the elements are operated by the laser target interactions in this example concept shown in Fig. 1 .
The ion sources proposed in this paper realize a high energy conversion efficiency more than a few tens percent by using the fine structure solid target [1] or using a lower-density gas target [2] . The proton energy of 200-250 MeV was achieved and the mono-energetic energy spectrum was also realized (see Fig. 2c) ).
When the intense laser pulse propagates through the underdense plasma, it accelerates a part of electrons. The electrons form a high current and generate the azimuthal magnetic field in the underdense plasma. The electrons form the strong magnetic field, and during the increase in the azimuthal strong magnetic field the inductive strong electric field is created by the Faraday law. The ions are accelerated by the inductive electric field inside the plasma, as well as the TNSA (Target Normal Sheath Acceleration) mechanism at the target rear side. Laser produced ion beams also tend to have a transverse divergence. For the ion beam collimation the structured target was also proposed to collimate the proton beam.
The present example concept for the multi-stage laser ion acceleration would provide a promising way to realize the controllability in the laser particle acceleration. 
